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Definition of Hydroponics
source: Wikipedia https://en.wikipedia.org/wiki/Hydroponics

• Involves growing plants (usually crops) without soil
• Uses mineral nutrient solutions in an aqueous solution.
• May grow with only their roots exposed to the nutrient bath
• Alternatively the roots may be physically supported by
an inert medium such as perlite, gravel, or Coconut coire
• The nutrients used in hydroponic systems can come from many
different sources, including fish excrement, chemical fertilizers, bone
meal
• Crops usually grown: tomatoes, lettuce, peppers, basal, chives

Nutrient Solutions
• Many compounds in a nutrient solution
• Need to be made available to your plants at various stages of their
growth
• Every plant requires macronutrients and micronutrients Requirements vary based on:
• Types of plants
• Growth stage

Primary Macronutrients
• Nitrogen - involved in photosynthesis and protein creation
• Phosphorus is especially important to cell membranes
• Potassium is key to signaling compounds used in plant growth and
development in all stages

Secondary Macronutrients
• Calcium is important to cell walls and is an important structural
element
• Interacts uniquely with other nutrients
• Much less soluble than the other nutrients

• Magnesium is important to the photosynthetic complex
• Sulfur is important in peptide bonds, which are present in all kinds of
biological molecules

Micronutrients for Plants
•
•
•
•

Boron (B)
Chlorine (CI)
Copper (Cu)
Iron (Fe) - iron serves many functions but is an essential component in the
production of chlorophyll, the site of photosynthesis.
• Manganese (Mn)
• Molybdenum (Mo)
• Zinc (Zn) - needed by plants to produce important enzymes, without which, slows
many essential plant functions and results in stunted growth. Symptoms like
shortened internodes and smaller leaves have been noted in plants that lack zinc.

Considerations in Hydroponics
• Despite inert media, roots can cause changes of the rhizosphere
pH and root exudates can affect rhizosphere biology
• Some systems have many moving parts – pumps, aeration systems, timers
• Nutrient levels, nutrient concentrations, salt build-up, air concentration in
solution
• Root diseases and pests
• nutrient management necessary - 3 main characteristics to focus on
• Total salt concentration – measured by Electrical Conductivity (EC)
• pH
• Nutrient concentrations

Preliminaries – Water Testing
• First step for hydroponics is to have the water analyzed by a lab
• Poor-quality water can cause nutrient toxicity or deficiency problems
• Water naturally consists of salts: sodium, calcium, magnesium
bicarbonates, chlorides and sulfates
• Salts can affect EC and pH of the nutrient solution

Salts, Nutrients, Electrical Conductivity (EC)
• Nutrients are applied in the form of salts in the hydroponic system
• Salts dissolve in water - break down into ions
•
•
•
•

NaCl breaks down into Na+ and Cl- ions
Ions conduct electricity due to their positive and negative charges
Conductivity of the solution increases with added ions
So EC is a good measure of amount of salts in the solution

• Excessively high levels of nutrients - osmotic stress, ion toxicity and
nutrient imbalance
• Excessively low values - nutrient deficiencies and decreasing plant growth
• In soilless culture, total salt conc. of a nutrient solution very important

Solution acidity and basicity - pH
• pH is a measure of how acidic or basic the solution is
• The range goes from 0 to 14, with 7 being neutral
• The pH of a nutrient solution influences the availability of nutrients,
so it should be maintained in an optimum range
• Nutrient solutions for soilless culture - pH between 5 to 6 (usually 5.5)
• This will result in a pH in the root environment
• This is the pH range at which nutrients are most readily available to
plants.

Optimum range of electrical conductivity (EC) and pH
values for hydroponic crops.
• Crops
• Asparagus
• Basil
• Bean
• Broccoli
• Cabbage
• Celery
• Carnation
• Cucumber

EC (mS/cm)
1.4 to 1.8
1.0 to 1.6
2.0 to 4.0
2.8 to 3.5
2.5 to 3.0
1.8 to 2.4
2.0 to 3.5
1.7 to 2.0

pH
6.0 to 6.8
5.5 to 6.0
6.0
6.0 to 6.8
6.5 to 7.0
6.5
6.0
5.0 to 5.5

Optimum range of electrical conductivity (EC) and
pH values for hydroponic crops.
•
•
•
•
•
•
•
•
•
•
•

Crops
Eggplant
Lettuce
Pak Choi
Peppers
Parsley
Rose
Spinach
Strawberry
Sage
Tomato

EC (mS/cm)
2.5 to 3.5
1.2 to 1.8
1.5 to 2.0
0.8 to 1.8
1.8 to 2.2
1.5 to 2.5
1.8 to 2.3
1.8 to 2.2
1.0 to 1.6
2.0 to 4.0

pH
6.0
6.0 to 7.0
7.0
5.5 to 6.0
6.0 to 6.5
5.5 to 6.0
6.0 to 7.0
6.0
5.5 to 6.5
6.0 to 6.5

Difference Between Soil and Soilless Culture
• In soil culture
•
•
•
•

soil acts as a buffer
CaCO3 parent material in Eau Claire County
Ca in soil combines with CO2 respiring from roots
maintains a specific pH and EC suitable for plant growth

• Buffer is absent in soilless culture
• It is important to maintain an environment suitable for plant growth
artificially.

Advantages of a Hydroponic System
• The primary advantage of using hydroponics to grow plants is that it
allows for a much quicker growth rate
• Hydroponic systems can conserve more water than a soil-based
system
• Efficient because water-based – nutrients already dissolved in water
• They use water as the main delivery method of plant nutrients.

• Increase the growing capacities of plants because nutrients are
delivered directly to the plant.
• Nutrient management is the crux of a well-run hydroponic system.

Types of Hydroponic Systems - 7
• Kratky Method
• Wick system
• Deep Water Culture (DWC)
• Ebb and flow
• Drip
• Nutrient film technology (NFT)
• Aeroponic system

Kratky Method in Hydroponics
• Very rudimentary system
• It gives the key principles of hydroponics
• All you need is a jar or tank and the nutrient solution
• Put your plant or plants with the areal part out of the solution and
the roots dipping into it.
• Use a grid or a mesh pot or simple vase with a narrow neck

Kratky Method

Kratky Method – Advantages/Disadvantages
• Advantages:
•
•
•
•

It is very simple.
It is very cheap.
It has very few components.
It has very low maintenance needs.

• Disadvantages:
• It is a passive system
• The nutrient solution will run out after the roots have absorbed it - may be
difficult to top it off.
• This system does not provide aeration to the roots.
• It is only suitable for small plants and small gardens.

Wick System
• Plants are placed directly within an absorbent substance like perlite
or vermiculite
• Nylon wicks are positioned around the plants before being sent
straight down into the nutrient solution
• Wick System uses two or more wicks to deliver water from the
reservoir to the roots via capillary action
• 3 main components in a Wick System—the grow tray, reservoir, wick
• Does not use aerators, pumps, or electricity

Wick system – Wick
• The easiest wick to use is a cotton rope
• The wicks are inserted into the grow tray through small holes
• Add either a rubber connector or make sure the holes are slightly smaller
than the wicks to prevent any growing media from falling through the holes.

• The number of wicks used depends:
•
•
•
•

Total system size
Plants used (how much water they use)
Growing medium
Wick material

Wick System
http://www.homehydrosystems.com/hydroponic-systems/Wick_images/Wick%20system-1.jpg

Wick System

Wick System

Wick System Grow Tray
• The grow tray - differs from other hydro setups in that it does not use
net pots to hold the growing medium
• The growing medium fills up the entire tray
• Seedlings transplanted directly into tray
• Best kind of growing medium to use is one that will not drain too fast
and will utilize the capillary action of the wick most effectively
• Vermiculite, Perlite, and soilless mixes are all good choices—they
have good wicking abilities but will not become soggy like traditional
soil.

Wick System – Reservoir
• Same as in any other systems
• Large container of fertilized water that sits below the grow tray and
supplies water and nutrients to the plants
• Water in the reservoir must be refreshed every week because the
strength of the nutrients decreases as the plants absorb them.

Wick System – Disadvantages
• Plants are unable to obtain a significant amount of nutrients
•
•
•
•
•

Ideal for small garden plants and herbs
Any plant that doesn’t require a substantial amount of water
Avoid growing plants like peppers and tomatoes - heavy-feeding plants
The best plants to use in Wick Systems are fast growing lettuces and herbs (rosemary)
Plants that do not require very much water are the very best choices.

• Nutrients aren’t absorbed evenly, which could lead to the buildup of toxic mineral
salts - must flush any extra nutrients with fresh water every 1-2 weeks.
• Stagnant water may result in algae or mold growth
• Wick susceptible to mold or rot.
• Check wick frequently

• Roots never have a chance to dry out completely.

Wick System

Wick System

Water Culture System
(aka Deep Water Culture System)

• Places the roots of the plant directly into the nutrient solution
• The oxygen that the plants need to survive is sent into the water by a
diffuser or air stone
• Plants should be secured into their proper position with net pots.
• Plant roots are placed directly into the nutrient system, which means
that the nutrients can be easily absorbed by the plants
• Direct access to nutrients and oxygen – plants will grow very quickly
• System is very easy to make and works well with (almost) any kind of plant

Water Culture

Water Culture

Deep Water Culture
3 tubs

Setup

Aeration Setup

Water Culture System

Components of a Water Culture system
• Container to hold the nutrient solution (reservoir)
• Aquarium air pump
• Air line/hose
• Air stones (or soaker hose) to create the small bubbles
• Baskets, pots, or cups to hold the plants
• Some type of growing media

Disadvantages of Water Culture
• Water temperature is difficult to maintain - the water tends to get too hot.
• If the air pump fails, there is a very small window for replacing it. If left
without a viable air pump for too long, the plants will rapidly decline.
• The pH and nutrient levels can vary a great deal.
• Aeration throughout the tank may not be uniform
• Areas of liquid stagnation may be a breeding ground for algae or mold
• System is not suitable for all types of plants, i.e. Peppers, whose roots
cannot tolerate being in water all the time.
• Potential issue with this hydroponic system - root diseases

Ebb And Flow (Or Flood And Drain)
• The principle is to irrigate the roots regularly and for short periods of time
• Components
• Grow tank
• Reservoir
• A reversible water pump; this is a pump that can send water (the nutrient solution)
in two directions, out to the grow tank and then suck it back and send it to the
reservoir.
• An air pump (not essential since the solution is flowing)
• Pipes to lead the nutrient solution to and from the grow tank.
• A timer - tells the pump when to send the solution to the grow tank and when to
drain it
• Growing medium

Ebb and Flow System – Workings
https://www.leaffin.com/flood-drain-hydroponics-watering-schedule/

• Irrigation times •
•
•
•
•
•

Key to ebb and flow system
Irrigate in cycles
A cycle has two phases: an irrigation phase and a dry phase.
One irrigation phase of 10-15 minutes every two hours of daylight
Minimum irrigation phase 5 minutes
Between 9 and 16 cycles a day.

• Depends on the climate, the temperature, atmospheric humidity, as well as on the type
of crop you are growing.
• Media:
• Expanded clay pebbles: 4 to 8 times a day (every 2 to 4 hours)
• Coconut coir: 3 to 5 times a day (every 3 to 5 hours)
• Rockwool: 1 to 5 times a day (once a day to every 3 hours)

Ebb and Flow System

Advantages Of Ebb And Flow System
• Provides excellent aeration.
• Nutrient solution is not stagnant around the roots - reduce the
chances of algae growth, or bacteria, pathogens and fungi
• You can control the feeding and watering of your plants
• Suitable for most crops, including those that need dry spells
• It can be developed vertically

Disadvantages Of Ebb And Flow System
• Complex
• Many components - depends on the pump functioning well
• Requires knowledge of the crops, their nutritional, watering and
humidity needs.
• Requires a lot of maintenance
• Expensive

Drip System
• Pipes and hoses bring the nutrient solution from a reservoir to each
plant
• Drip the nutrient solution on the growing medium which will release
it slowly –
• Allows homogeneous distribution of nutrient solution.

Drip System Hydroponics
• Water-based nutrient solution is delivered to the root system of plants
using drip irrigation
• Low-flow irrigation
• Very water-efficient, avoiding waste due to evaporation by providing
moisture via slow drip at the base of the plants rather than mimicking
rainfall from above.
• Provides moisture and nutrients exactly when and where it’s needed.
• Saturate the growing medium in the root zone
• Allows any unused solution to drain away.
• Vertical farming - application of drip system hydroponics - just need to
pump water to the top of the system and then let gravity do the rest.

Drip System Function
• Pump located in the nutrient solution reservoir delivers the nutrient
solution to the roots of plants via drip emitters.
• Pump is usually connected to a timer that automates the irrigation
schedule
• The system can be arranged so there’s at least one emitter delivering
solution directly to the root mass of every plant
• Emitters could have mechanisms allowing control of output
• Can adjust the amount of solution each plant receives according to the
needs of that particular plant.
• Nutrient solution could just trickle down column from emitters at top
• Spent nutrient will be either returned to the reservoir for reuse or
discarded.

Drip Irrigation Sytem

Drip Irrigation Systems

Clay Balls Medium

Components of Drip System
• Reservoir to mix nutrient solution.
• Water pump attached to a system of pipes and hoses that will then irrigate
each individual plant.
• Growing medium
• essential
• Length of time the medium can hold on to the nutrient is a key factor
• Type of growing media determines the length of time the solution is in contact with
the plant roots
• Media must hold water and air while providing good drainage
• Lightweight expanded clay aggregate, coco coir, and rockwool

• Air pump (optional)
• A timer to irrigate in cycles

Types of Drip Systems
• Recovery Systems

• Nutrient solution is recovered and recycled through the system multiple times
• Vertical gardens depend on to distribute nutrient solution from the top down.
• Recycling solution careful monitoring of pH and nutrient levels of your solution, since
they will change as the plants consume what they need during each cycle through
the system
• Adjust the pH level as needed and replace solution reservoir

• Non-Recovery Systems
•
•
•
•
•

Can be more resource-efficient than recovery systems
In order to be more efficient, drip cycles need to be very precise
Cycle timers
System is individualized for every plant
No need to monitor the reservoir for pH levels

Nutrient Film Technology (NFT)
• It is similar to Ebb and Flow
• The system uses a pump to deliver fertilized water to the grow tray
and a drain pipe to recycle the unused nutrient solution
• Difference - in NFT the nutrient solution is continuously flowing over
the roots
• Uses gravity
• The grow tray is placed at an angle to allow the water to flow down
towards the drainpipe, and a new solution is constantly being
pumped into the high end of the tube

Nutrient Film Technique (NFT)

Advantages of NFT
• Low water and nutrient consumption
• Avoids need to use a lot of growing medium
• Easy to disinfect roots and setup
• Easy to see root quality and health
• Consistent flow prevents salt buildup in root area
• Recirculating, so minimal groundwater contamination
• Very modular and expandable

Disadvantages of NFT
• Can be an expensive system – pump, air pump, monitoring
• The main disadvantage: the film will not evenly coat the roots

• Roots in the middle will have access to a deeper depth of solution, while those closest to the edges will only
have a shallow depth
• can cause uneven growth and weakness in your plants
• Soultion: use a flat-bottomed channel

• Length of your grow tray

• As the nutrient solution flows over the roots, it decreases in nutrient concentration and oxygen levels
• Solution: “Short-run” trays ensure that plants at the end of the line receive a nutrient solution with the same
composition as those at the beginning of the line

•
•
•
•

Failing pump can kill an entire crop within a few hours
Does not work well with plants that have large tap-root systems
Doesn’t do too well with plants that need a lot of support
Because roots are growing in confined channels, they can clog the channels

Aeroponic System
• Nourish plants with nutrient-laden mist
• Roots dangle in the air, where they are periodically puffed by
specially-designed misting devices.
• Seeds are “planted” in pieces of foam stuffed into net pots, which are
exposed to light on one end and nutrient mist on the other
• The foam also holds the stem and root mass in place as the plants
grow

Aeroponic System

Nutrient Management Entails
• Being informed about plant nutrients and where they come from
• Supplying adequate amounts of nutrients to plants
• Supplying the correct ratios of nutrients to plants
• Monitoring and measuring each plant nutrient at any given time
• Making economic and workflow conscious decisions about nutrients

Nutrients required to grow plants
• 16 nutrients required to grow plants
(https://university.upstartfarmers.com/blog/overview-hydroponicnutrient-management )
• Three of them — carbon, hydrogen, and oxygen — are accessible through
air and water exchange
• The rest (13 nutrients - minerals), along with growth hormones designed to
mimic traditional soil-based systems, can be dissolved in water that
circulates around the plant’s roots
• The 13 nutrients are divided into 3 categories – primary, secondary, tertiary
nutrients
• Nutrients delivered in precise quantities at precise times in a liquid
medium.

Nutrient Solution #1
•
•
•
•
•
•
•

Potassium nitrate: 255g
Calcium Phosphate: 198g
Magnesium Sulfate: 170g
Powdered Ammonium Sulfate: 43g
Monocalcium Phosphate: 113g
Iron Sulfate: 1/2 teaspoon
Mix your dry ingredients together to form a powder, you can then add 10g
of this nutrient powder per gallon of nutrient rich water required
• highly concentrated as a powder
• Can cause skin irritation - wear goggles and suitable protective clothes

Nutrient Formula #2 Compost Tea Recipe
• Compost
• Add two large shovels full to a large 5-gallon bucket
• Fill with water
• Soak for three days
• Avoid any chemically treated water – rainwater best
• After 3 days, pour out the liquid and strain it to remove all traces of
your compost sediment
• Use 1/2 gallon of solution to 50 gallons of water (1:100 solution)
• Nutrient density dependent on the quality of your compost

Plant Supplements Formulae – Egg Shell Calcium
Deficiency Fertilizer
https://thehydroponicsplanet.com/diy-hydroponic-nutrients-6-cheaper-homemade-recipes/

• Extra calcium to plants - finely crush six to eight eggshells in a pestle and mortar.
• Add this powder to 1 1/2 liters of water and a few drops of diluted hydrochloric
acid (wear gloves)
• Leave this for 24-hours and then filter the water to remove all traces of the shells
• Test resulting liquid to make sure the pH is around 5.0.
• Can be used and mixed with any other fertilizer, which is rich in nitrogen during
the growth stage of plants
• If used in the flowering phase, add it to a fertilizer which is high in potassium and
phosphorus.
• Test pH levels after adding to tank.

Importance of Calcium in Plants
• Essential macronutrient (secondary macronutrient)
• Dual function
• Structural component of cell walls and membranes
• Intracellular second messenger

• For structural role:
• Deficiency symptoms can occur in developing tissue (young leaves and fruits)
due to low movement from old to young tissue
• Result: tipburn in lettuce or blossom end rot in tomato

• Serves as a messenger for root or pollen tube growth and stress

Banana Tea Potassium Formula
• Potassium:
•
•
•
•

Used in every stage of a plant’s development.
One of the key NPK compounds
helps plants use the sugars, starches and carbs they absorb
Aids in building up energy reserves, which leads to the building of complex carbs that
give plants their structure to stems and leaves.

• Banana tea can deliver amino acids that will be taken up by plants.
• To make:
•
•
•
•

Boil three or four banana skins in a liter of water
Add a little sugar or molasses, which is recommended
After boiling, let the solution cool and remove the skins.
Can use this in the flowering stage

Ground Coffee Growth Enhancer
• Make into a tea
• Use during the growth stages of your plants
• Slightly acidic, and the acetic bacteria which develop in the waste
coffee grounds contain 2% nitrogen (as in NPK) and other organic
nutrients.
• Two ways to make:
• Add them to your composting bin to add the benefits into the resulting liquid
• Let the coffee grounds soak in water for 24-hours

Brewer’s Yeast Multipurpose Fertilizer
• Multipurpose fertilizer (brewer’s yeast NOT baker’s yeast)
• To make:
• Add one small spoon of yeast into a liter of water
• Dissolves into a potassium and phosphorus rich natural fertilizer

Bean Tea Nutrient Formula
• Beans and lentils are rich in Auxins
• Helps with root growth
• Helps leaves and stems search out light
• To make the tea:
• Soak beans in water until they are fully hydrated (lightly heat to help
extract the compounds)
• Blend until a fine paste
• Strain the paste in a cheese cloth
• Ideal for cuttings or roots to promote growth.

Diagnostics
• Lack of nitrogen:
• Stunted plants that have large root systems
• Leaves will be smaller and a light color
• Growth slow.

• Lack of phosphorus:
•
•
•
•
•

Stunted plants
Leaves are dark, dull and discolored
Stems unusually hard
Poor root system
Very little branching off.

Diagnostics
• Lack of potassium:
•
•
•
•

Older leaves will yellow and curl
New leaves droop as they get larger.
Flowers will be lackluster
Plant stems will be soft and not able to offer full support.

• Lack of calcium:
• Roots will under develop
• curled leaf edges.

• Lack of manganese: weak growth and poor blooming.

Most Common Indoor Plant Pests
https://www.advancednutrients.com/articles/hydroponics-plants-pests-and-diseases/

• Spider Mites –
• less than 1 mm long
• most common
• two ways to ID infestation:
• spider-like webbing
• wipe a tissue gently on the underside of leaves— look for streaks of Spider Mite blood

• Thrips –
• around 5 mm long
• damage is easy to see - small metallic black specks on the top of leaves
• Damage accompanied by the leaves turning brown and dry because the thrips
have sucked them dry.

Most Common Indoor Plant Pests
https://www.advancednutrients.com/articles/hydroponics-plants-pests-and-diseases

• Aphids –
• Green, black or gray
• Damage - suck the juice out of leaves and turn them yellow
• Found anywhere on the plant, often gather around the stems.

• Whiteflies –
• About 1 mm long
• Like small, white moths
• Suck your plants dry causing white spots and yellowing.

• Fungus Gnats –
• Larvae feed on roots and feeder roots
• slow plant growth, invite bacterial infection

Ways To Fight Indoor Plant Bugs
• Sticky Traps –

• Hang these around the room
• Blue stick cards - for thrips; Yellow cards attract fungus gnats and whiteflies
• Make sure some cards are at the soil/medium level of your plants—where fungus gnats
congregate.

• Sprays –

• Avoid chemical poisons like Avid or Eagle
• Azamax organic pesticide
• Before an infestation — topical foliar treatment of a coating – Rhino Spray - Potassium silicate
product

• Beneficial Predators – nematodes put these live predators into your medium.
• Can combine these strategies.
• Some pests have resistant populations to pest control methods

Common Indoor Plant Diseases
Powdery Mildew
https://www.gardendesign.com/how-to/powdery-mildew.html

• fungus
• Looks like white powder over leaves and stems
• If left untreated results in stunted plant growth, leaf drop and yellowing of
plant tissue.
• Usually found on infected leaves, but can also be found underneath, or on
stems, flowers
• The spots spread and will eventually cover most of the leaves on the plant,
with new plant growth being most susceptible.
• Thrives in warm, dry environments, but it also needs fairly high humidity
• Rarely fatal, but can rob plant of water and nutrients

Powdery Mildew

POWDERY MILDEW PREVENTION
• Thin out existing susceptible plants to improve airflow within the plant
• Maintain adequate spacing between plants and keep them far enough
away from walls to ensure good air circulation and help reduce relative
humidity
• Locate plants in proper sunlight according to their needs
• Maintain healthy plants by removing dead or diseased foliage
• Disinfect pruners or shears after use on infected plants
• Because new growth tends to be more susceptible, be careful to not overfertilize and cause a rush of new foliage.
• Treat regularly with an organic fungicide that contains sulfur as the active
ingredient
• Preventative measure as well as treatment for existing powdery mildew.

Powdery Mildew Treatment
• Baking soda solution: Mix 1 tablespoon baking soda and ½ teaspoon
liquid soap such as Castile soap (not detergent) in 1 gallon of water.
Spray liberally, getting top and bottom leaf surfaces and any affected
areas.
• Potassium bicarbonate: Mix 1 tablespoon potassium bicarbonate and
½ teaspoon liquid soap (not detergent) in 1 gallon of water. Spray
liberally to all affected areas. This mixture may work better than
baking soda as a treatment for existing infections.
• Milk: Mix 1 part milk to 2 to 3 parts water and spray liberally. It is
believed that naturally-occurring compounds in the milk not only
combat the disease, but also boost the plant’s immune system.

Downy Mildew
• Mostly appears on the underside of leaves
• Doesn’t look like a powder the way “powdery” mildew does
• Both can cause yellowing of leaves
• Forms a distinct class: oomycetes
• Fungus-like eukaryotic microorganisms. They are filamentous and
heterotrophic, and can reproduce both sexually and asexually

Downy Mildew
•
•
•
•

Grows on and into the leaves of their preferred plants
Lives off the plant’s water supply
It’s a symptom of a larger water-related issue
Begins as a fungal spore in the soil
• Spores are windblown
• So can appear almost anywhere

• Latches into the underside of the leaf
• Penetrates the leaf’s surface with its mycelia and begins to grow
• The mildew’s mycelia (fungus root system( can spread throughout plant’s
stems. New growth may already be infected by downy mildew if the plant’s
had issues with it before.

Downy Mildew
Life Cycle

Mildew Lifecycle

Treatment and Prevention of Downy Mildew
• Reduce the ambient humidity by opening vents and adding fans to
provide airflow (prevention) - Will also help prevent problems
with powdery mildew and some pests, like whiteflies
• Copper fungicide like Bonide Copper Fungicide – organic Tx
• Neem oil – organic Tx

Downy Mildew vs. Powdery Mildew

Downy Mildew

Underside of Basil Leaf With Downy Mildew

Gray Mold
• AKA ash mold & ghost spot
• Spots on leaves that lead to fuzzy gray abrasions
• Will continue causing deterioration until plants are brown and mushy
• Activity for this disease peaks during cool, damp seasons
• Poor air circulation, high humidity, and overcrowding aid its spread

Grey Mold

Protecting Against Indoor Garden Diseases
• Wear Clean Clothes –
• Pests and diseases can “ride” into grow room.
• That includes shoes that you might have walked through disease/pest laden
outdoor soils with.

• Clean Up Spills, Runoff, Etc. –
• Many molds and mildews caused by excess water/humidity

• Keep Plants Clean –
• Pick up and clean dead plant matter around plants
• Prune plants when necessary to remove diseased leaves/branches
• The less dead plant matter the less pests/diseases.

Root Rot in Hydroponic Systems
•
•
•
•
•

Too much water and pathogens in your medium
Plants will wilt and turn yellow
Roots can get mushy
Caused by over-watering the roots
Challenging because is entirely focused on growing plants in water and dissolved nutrients in the absence of
soil.
• Problems arise when the root system doesn’t receive sufficient levels of oxygen
•
•
•
•

Especially using the Deep water culture or Kratky system
Water isn’t aerated enough
There’s no direct exposure of the roots to the air
Combination of the two

• Slime creates an impenetrable barrier and oxygen cannot reach the plant
• Signs of root rot may first appear with yellowing foliage with a droopy appearance, and the roots will look
brown slimy.
• Symptoms of root disease can vary depending on the primary pathogen attacking the plant

Root Rot

Root Rot

Iron Deficiency in Hydroponic Systems
• Essential element required by plants for synthesis of chlorophyll and for energy
transfer in photosynthesis
• Plants lacking iron will lack chlorophyll
• Leaves turn bright yellow while retaining green veins
• Yellowing between the veins of young leaves
• One of the most common nutrient disorders in hydroponic crops
• Micronutrient
• Unlike the macronutrients, iron is relatively phloem immobile
• Once iron is taken up by the plant and deposited in leaves, it can no longer be
moved around within the plant
• Therefore,if iron becomes unavailable it cannot be scavenged from older leaves,
instead new leaves will exhibit the symptoms

Diagnosing Nutrient Deficiencies
• Symptoms of iron deficiency look similar to other deficiencies,
especially magnesium and manganese
• Magnesium
•
•
•
•

Symptoms: uniform interveinal chlorosis,
Lower/mature leaves are affected not immature leaves
Magnesium is phloem mobile
Magnesium can be scavenged from old leaves and transported to new growth

• Manganese deficiency
• Symptoms: interveinal chlorosis of young/upper leaves.
• Small scattered necrotic spots are more common

Causes of Iron Deficiency
http://www.e-gro.org/pdf/E108.pdf

• Either there is not enough iron in the hydroponic nutrient solution or
because solution pH is too high and iron is unavailable for plant roots
to absorb
• Nutrient solution pH impacts solubility of nutrients
• Iron - high pH (such as > 6.5) reduces availability of iron
• Oxidation (whereby Fe2+ increasingly converts to the form Fe3+, which is less
available to roots)
• Precipitation (whereby Fe combines with another ion, for example carbonate
CO3 2- or phosphate HPO4 2-, and forms an insoluble complex)

• Most often the cause of iron deficiency is due to high nutrient
solution pH

Prevention of Iron Deficiency
• The primary method for preventing iron deficiency in hydroponics is
maintaining proper pH of your nutrient solution
• Suggested pH varies by crop, for hydroponic leafy greens and basil we
recommend a pH of 5.5 to 6.0. In hydroponics pH can change much
more quickly than in container production, often 1 to 2 units a day!
• hydroponic growers should test and adjust pH a minimum of once
daily

